P
hysical and occupational therapists face a challenge when attempting to use evidence of effectiveness of interventions to support people with heterogeneous health conditions, such as cerebral palsy (CP). We define CP and describe how variable children with this diagnosis are. We then selectively review published literature that highlights difficulties in using information from randomized controlled trials (RCTs) and systematic reviews to inform service planning for children with CP. We propose an evidence-based alternative using prospective cohort studies that produce knowledge of determinants of outcomes important to children and families and methods for developmental monitoring using longitudinal and reference percentile curves to inform individualized care. We provide guidelines to explore how this evidence can be used to plan family-centered, collaborative, strengths-based services to support development and function.
Cerebral Palsy and Heterogeneity

"Cerebral palsy (CP) describes a group of permanent disorders of the development of movement and posture…. often accompanied by disturbances of sensation, perception, cognition, communication, and behaviour, by epilepsy, and by secondary musculoskeletal problems." 1p9
Traditionally, children with CP have been described by type of motor disorder or distribution of involvement. Recently, functional classification systems have been identified to be more useful and reliable than systems based on impairments. 2 The Gross Motor Function Classification System (GMFCS), 3, 4 the Manual Ability Classification System (MACS), 5 and the Communication Function Classification System (CFCS) 6 are 5-level ordinal classification systems to categorize usual performance in gross motor, hand, and communication function in everyday life with evidence supporting their reliability and validity. In all systems, level I represents the highest function and level V the lowest. Together, these systems contribute significantly in understanding the variable manifestation of CP. They also provide enhanced communication among team members (including families), a sharper focus on function, and assistance with both realistic goal setting and intervention planning.
Hidecker et al 7 were the first to describe the relationships among these 3 systems. The most common profile among 222 children was all being in level I, representing 10% of the sample. They also found GMFCS-II, MACS-II, and CFCS-I to represent 5% of their sample. Our group 8 recently replicated this study with 671 children and confirmed that GMFCS-I, MACS-I, and CFCS-I was the most common profile (11%), with 10% occurring in GMFCS-I, MACS-II, and CFCS-I, and 6% in GMFCS-II, MACS-II, and CFCS-I. The remaining 73% of the children were scattered in 69 additional cells, each with a frequency of under 5%, highlighting the heterogeneity of gross motor, hand, and communication functions.
Although CP is primarily a motor disorder, individual children also experience a range of associated impairments in body functions and health conditions. In addition to investigating the inter-relationships among the 3 systems, we also determined the number and impact of associated health conditions of selected profiles 8 using the Health Conditions Questionnaire. 9 Although both the average number and impact of health conditions increased as function was more limited, the range of both indices varied considerably, further highlighting the relative uniqueness of individual children.
In additional efforts to categorize children with CP more comprehensively than is possible using the GMFCS, MACS, and CFCS alone, we investigated use of other key features of CP. These features included measures of spasticity, balance, distribution of involvement, strength, range of motion, endurance, and impact of health conditions. We established 5 levels of functioning using 2 techniques: a summative, quintile approach and a cluster analysis. 10 In the quintile approach, we simply summed the total scores of all measures, divided the ranked grand total scores into 5 groups of children with successively lower scores, and described the central tendency and variability of each of the 5 groups. Using cluster analysis, children were organized into 5 groups based on commonly occurring clusters of levels of the additional key features. These 2 techniques yielded similar groups of children, both ranked by functional ability. The ranked solution was expected in the summative, quintile approach, as it is inherent in the method used. A ranked solution was not expected when using cluster analysis. Our results differed from results in other groups of children (eg, developmental coordination disorder, in which distinct subgroups of children with different constellations of strengths and relative limitations were identified). 11 Although average function decreased from the most to least functional groups, there was significant variability in scores on individual measures within each of the 5 groups, with considerable overlap among groups. This finding, specifically the variability in scores within each group studied, as well as overlap among groups, has been observed by others investigating scores across GMFCS levels. 12 These results again highlight the heterogeneity of children with CP. As a result of this preparatory work, we concluded that although it is possible to develop a more comprehensive classification, it was not clinically useful. Instead, we believe that routine comprehensive assessments are essential, with each measure interpreted separately to understand individual children's relative strengths and limitations.
Difficulties in Applying Knowledge From Intervention Studies to Inform Decision Making About Interventions for People With Cerebral Palsy
Traditionally, therapists look to evi dence from RCTs and systematic reviews as evidence of effectiveness of interventions. Novak and colleagues 13 conducted a systematic review of systematic reviews of a wide variety of interventions for children with CP. Although they acknowledged CP as a complex and heterogeneous condition, they included any motor subtype, topography, or functional ability level in their analyses. Furthermore, they did not acknowledge the limitations of RCTs for providing useful evidence of effectiveness of interventions for this heterogeneous group of children.
Responses to this review were many. Critiques highlighted the heterogeneity of CP, the necessity to include the specific clinical features of the sub-population studied, and the importance of these aspects to clinical decision making about interventions to meet the needs of individual children. [14] [15] [16] [17] The goal of establishing evidence of treatment efficacy for the whole population of children with CP was viewed as an oversimplification of a very complex health condition. 15 Several authors suggested that this complexity requires consideration of details on a case-by-case basis before appropriate interventions could be planned for individual children. 18 Similar to our view, several groups indicated their preference for prospective cohort studies to understand factors associated with children's outcomes. 16, 18, 19 Our research has used comprehensive rehabilitation outcomes research, 20 which is structured around the World Health Organization's International Classification of Functioning, Disability and Health. 21 Comprehensive rehabilitation outcomes research is useful when one has a less uniform group of people (such as CP), when interventions are multidimensional and individualized, and when there are significant personal and environmental influences on outcomes.
In their response to the letters to the editor, Novak and colleagues 22 acknowledged the limitations of RCTs and supported the use of alternative research designs. Furthermore, they strongly agreed with others 17 that "the essential next step for the field is to prioritize the development of in-depth, subgroup-specific, valid and patient-oriented, internationally endorsed clinical guidelines, using rigorous, accepted methodologies and involving appropriate consultation." 22 We believe that our work is situated to contribute to this next step. Our "consultation" has included assembling a skilled and knowledgeable research team, as well as working closely with both front-line physical therapists 23 and parents of children with CP. 24 An Evidence-Based Alternative:
Prospective Cohort Studies
As is the case for many chronic health conditions, 25 knowledge of prognosis is essential for intervention planning for children with CP. Although CP is a non-progressive condition, functional decline by adulthood has been well reported. [26] [27] [28] [29] Research has also suggested that a decline in motor function may begin earlier in life. Average developmental patterns of motor function for children have been graphed for all 5 levels of the GMFCS. 30 Highest levels of functioning were shown to peak when children are 7 or 8 years old, followed by a decline in motor abilities for children and youth in GMFCS levels III, IV, and V. 31 Three goals for early rehabilitation consistently identified by children with CP and their families 32, 33 are to optimize motor function, prevent the development of secondary conditions or impairments that impact lifelong health, and promote children's participation in their daily lives. 20, 34 In our approach, we focus on children with CP from the time of diagnosis through elementary school age. Furthermore, we value family-centered care and a collaborative approach focusing on children's developmental strengths and environmental supports through a strengths-based perspective. We perceive prospective cohort studies to provide an alternative to RCTs in providing an evidence base for realistic goal setting and intervention planning for this heterogeneous group of children. Figure 1 contains an overview of the processes and products of our research, described in more detail next.
Knowledge of Determinants of Outcomes
Consistent with a focus on understanding prognostic factors to inform intervention decisions, the Move & PLAY Study (Movement and Participation in Life Activities for Young Children with CP) was designed to test a model of determinants of gross motor function, performance in self-care, and participation in family and recreation activities. 20, 34 Four hundred twenty-nine children with CP aged 18 months to 5 years were followed over 3 time points in 1 year. Ethical approvals were obtained by many academic and clinical institutions in this multisite study. Signed informed consent was obtained from all parent participants on behalf of their children. [35] [36] [37] Measures of child, family, and service factors that are comprehensive and brief to administer, with evidence supporting reliability and validity, were completed by trained physical and occupational therapist assessors and parents. Data were analyzed separately for children who were able to walk without a gait aide (ie, GMFCS levels I & II) and for children who used either a gait aide or a wheelchair for mobility (ie, GMFCS levels III, IV, & V). Resulting determinants of the 3 primary outcomes by functional groups are summarized in Table 1 .
We believe it is useful to differentiate determinants that are modifiable from those that are not. Stable factors assist with realistic goal setting, while modifiable factors are potential foci for intervention. For example, if a goal is improving motor function, it is reasonable to focus interventions on improving balance and preventing secondary impairments for both groups of children using activity-focused interventions. 38 For children in GMFCS levels III, IV, & V, it is also prudent to focus on fostering adaptive behaviors by encouraging and supporting children's self-awareness, motivation, and persistence. 39 Conversely, we perceive that knowledge of children's quality of movement, spasticity, and distribution of involvement are less amenable to physical therapist or occupational therapist intervention and therefore assist with realistic goal setting. If a goal is enhancing self-care performance, then optimizing gross motor abilities-within a child's prognostic potential 30 -is a reasonable goal of intervention, as are promoting health and adaptive behavior for all children and supporting a family's role in nurturing their children for those in levels III, IV, & V. Clearly, not all health conditions are modifiable. Those that are stable assist with realistic goal setting. If a goal is enhancing participation in recreation activities, intervention should focus primarily on fostering adaptive behavior and supporting families in nurturing their children. 
Knowledge to Assist With Interpretation of Change Over Time
The Move & PLAY Study revealed which attributes determine motor function, performance in self-care, and Overview of processes and products of our work. CEDL = child engagement in daily life measure; GMFM = gross motor function measure; ROM = range of motion.
participation in family and recreation activities. Next we needed to learn how these measures change over time and vary within groups. This issue led to the development of the On Track Study (Developmental Trajectories of Impairments, Associated Health Conditions and Participation of Children with Cerebral Palsy), another multisite, prospective cohort study designed to develop both longitudinal and reference percentile curves. In this study, we followed 708 children with CP aged 18 months to 12 years across 1 to 5 study visits. Again, we obtained approval from multiple academic and clinical research ethics boards prior to data collection. Signed informed consent was obtained by parent participants. Child assent was obtained from children as required by each IRB. Six hundred fifty-eight families completed 2 visits over 1 year; 424 families completed 5 visits over 2 years. At each visit, data on balance, range of motion, strength, endurance, health conditions, performance of selfcare in daily life, and participation in family and recreation activities (ie, measures described in eAppendix 1, aside from the Gross Motor Function Measure [GMFM]) were collected from trained therapist assessors (again, both physical and occupational therapists participated) and parent respondents. For children older than 3 years of age in GMFCS levels I, II, & III, data were also collected on the Six-Minute Walk Test, using guidelines specifically developed for children with CP. 40 Research evidence supports the reliability and validity of the Six-Minute Walk Test in children with typical development 41 and children with CP 4 to 18 years old classified as GMFCS levels I, II, or III (ICC = 0.91-0.98). 42 More information about the protocol of the On Track Study is available in a related manuscript. 43 We also obtained consensus classifications of the GMFCS, MACS, and CFCS. 44 We plotted all measures over time for each of these 3 classification systems and observed that for every measure, the GMFCS was the best measure for discriminating distinct functional groups. Having collected longitudinal data across all functional levels for our measures of interest, we were ready to examine how children's abilities develop over time and how those abilities are distributed within functional levels.
Knowledge of Average Developmental Trajectories of Functionally Distinct Groups of Children
Previous work resulted in the Ontario Motor Growth (OMG) Curves, 30 a set b Determinants are standardized beta weights from structural equation modelling: note that they are all presented "positively"-ie, primary impairments reflect better balance, better quality of movement, lower spasticity, and fewer limbs and parts of the body involved; secondary impairments reflect higher strength, fewer range of motion limitations, and better endurance; adaptive behavior is stronger adaptive tendencies; participation in community programs reflects a greater number; motor abilities reflect higher function; health reflects both a smaller number of conditions and lesser impact on daily life; attributes of family reflect more supportive tendencies; and services met needs reflects greater fit between needs and service delivery. c Proportion of variance of each outcome explained by significant determinants. d Among children in Gross Motor Function Classification System (GMFCS) Levels III, IV, and V, we also had the paradoxical finding of family-centered care being negatively associated with participation in self-care (0.13, P < .01).
of GMFCS-specific longitudinal curves describing the change in GMFM scores 45 from 18 months to adolescence (Fig. 2) . Information from the OMG curves is useful to understand the prognosis for motor function for children in each of the 5 GMFCS levels as they develop over time, in broad brushstrokes, particularly for children older than 2 years of age for whom the GMFCS is more reliable. 3 Appropriate interventions can then be planned for children in different GMFCS levels, based on their prognosis. By focusing on prognosis, knowledge of longitudinal trajectories increases efficiency of service delivery. For example, for most older children at GMFCS level III, community ambulation is not a realistic goal. Whereas household ambulation is possible and encouraged, community mobility is generally more effective and efficient using some form of wheeled or powered mobility.
In the On Track Study, a similar process was used to create longitudinal trajectories for children grouped by GMFCS level for each of the measures described in eAppendix 1, as well as the Six-Minute Walk Test. Hierarchical models were used to predict the average change in the measures over time using longitudinal data. All measures were described by either a simple linear function or by an asymptotic function in which scores approach a stable limit over time. 
Knowledge of Reference Percentiles of Functionally Distinct Groups of Children
Although knowledge of average development of children in each GMFCS levels is useful, there is significant within-level variability 30 (ie, the heterogeneity issue previously described), as well as limited information to assist with interpreting both status at one point in time and change over time. As a result, reference percentile curves for motor function were developed and published. 46 Figure 3 provides an example of percentiles for GMFM data for children in GMFCS level I. The GMFM centiles were constructed using Cole and Green's LMS method. 47 In the On Track Study, quantile regression was used for the same purpose. Quantile regression allows cross-sectional estimation of scores at a given age for any quantile of the sample. Quantile regression was employed because it requires no distributional assumptions and is effective in the presence of floor and ceiling effects.
To interpret the meaning of a child's score at one point in time relative to other children of the same GMFCS level and age, one can use the percentile graph of the relevant GMFCS level and identify the percentile located at the intersection of the child's GMFM score and age. For example, using Figure 3 , one can readily determine that "Gail," a 5-year-old child in GMFCS level I with a GMFM-66 score of 77, will be at the 50 th percentile. That is, 50% of children at the same age and GMFCS level would score higher and 50% would score lower. This child is functioning in the middle of the range of motor abilities for children in GMFCS level I at this time. Families might or might not be interested in how their child compares with other children of the same GMFCS level and age. Nonetheless, this baseline value helps with understanding a child's relative strengths and limitations across a range of measures, as well as interpretation of change over time, described next.
Perhaps more useful than interpreting a score at one point in time is a system developed to understand the meaning of change in GMFM scores over time. Previously, we published a table describing the mean changes in percentiles over 2 assessments, 1 year apart, along with the range of change scores observed in the middle 50% and 80% of the sample (Tab. 2). Using the same example provided in the previous paragraph, this table helps to interpret the magnitude of change over time. If at 6 years of age, "Gail" attained a GMFM score of 86, she would now be at the 75 th percentile: a gain of 25 percentiles. From Table 2 we can see that most children (80%) changed between -20 and +20 percentiles; "Gail" changed more than this, so we can interpret this as "progressing better than expected." However, if "Gail's" score at age 6 dropped to 74, she would be in the 25 th percentile at age 6, a full 25 percentiles lower than the year before. This would be interpreted as "progressing less than expected." Referring to how much change is experienced by the central 80% of the sample helps to identify potential strengths and areas of concern while recognizing the large variation in centiles over a 1-year period. Finally, GMFM scores at 6 years between 76 and 84 are associated with roughly the 30 th and 70 th percentiles, representing change within ± 20 percentiles of the previous year's scores, indicating that she is "progressing as expected." Clearly, intervention planning to support motor function would be different in each of these scenarios.
As a result of the On Track Study, as for motor function, 46 we now have a system to understand children's change over time in balance, range of motion, strength, endurance, impact of health conditions, performance in self-care, and participation in family and recreation activities. We believe that this approach goes a long way to understanding each child's uniqueness (ie, their relative strengths and limitations across developmental domains), both in the context of determinants as well as outcomes, which in turn assists with intervention planning.
Utility of the Results from the Move & PLAY and On Track Studies
We encourage therapists to have collaborative discussions with children, youth, and family members to ascertain what scores obtained at 1 point in time and change in scores over time mean to them. These discussions should be grounded by the child and family goals related to motor function, performance in self-care, and participation in family and recreation activities. It is important for therapists and families to consider aspects of the child, family, and services that may have contributed to the changes. Figure 4 contains a list of questions and topic areas to guide collaborative discussions. We suggest that all therapists who provide services to children with CP should consider whether and how they can use these measures and systems of interpretation to plan services in collaboration with families and other team members. Roles may differ across countries, and geographic regions within countries, as well as contexts of service delivery (eg, early intervention, clinic, outpatient, or school settings).
As a basis for collaborative discussions, we are currently exploring templates for reporting the results of this system of developmental monitoring to children and families (and others). 48 We envision recommending reports that vary in complexity to match the information needs of different groups. A simple pictorial format illustrating the constructs measured and the "bottom line" result (ie, progressing "as," "more," or "less" than expected through the use of emojis) is perceived to be most suitable for young children and those with cognitive limitations. A mid-level format with the names of the measures, the raw scores, and their interpretations of change over time might be useful to older children, who are likely candidates to assume their own health monitoring as they transition into the teenage years and adulthood. This mid-level format might also be useful for some families who prefer brief reports. Parents have suggested to us that they might also prefer to share this level of detail with other family members (eg, grandparents) and with staff in their children's schools. The highest level of detail includes a multipage report with plotted percentiles and transparency around changes in percentiles over time, before providing the "bottom line." Some parents have suggested that they want "all possible information." 48 Regardless of the format of presentation of the scores, discussion is encouraged.
Consistency With Current Approaches to Pediatric Rehabilitation
The approach described in this manuscript should be implemented in a family-centered manner to ensure that it matches family preferences and priorities. 49 Therapists are encouraged to be strengths-based and individualize the process for each family context. 50 As part of the developmental monitoring and intervention planning process, it is important for therapists to engage families in a conversation to learn about their family context and collaborate with them to identify individualized goals. Based on these goals and consideration for prevention of secondary impairments and health promotion, the therapist and family can decide together what measures need to be administered, how the family wants to be involved in the monitoring, how frequently the monitoring needs to be done, and how the family wants to receive the findings.
Family engagement, active investment, and involvement in the intervention process is a family's right and we believe essential to optimizing outcomes. 51 Engaging families in the examination, evaluation, and progress monitoring process builds a relationship; authenticates the data; and provides an opportunity for therapists to explain concepts, discuss with families what a child is ready to learn next, and enhance family capacity to support their child's development. Therapists provide information in a manner that is understandable and useful for families.
We present several recommendations to honor a family-centered approach to the assessment process. Monitoring standardized outcomes does not take the place of tracking progress on individualized goals of meaningful activities within the context of the child's daily life. For the standardized measures completed by parent report (Health Conditions Questionnaire, Child Engagement in Daily Life, and Early Activity Scale for Endurance), we encourage therapists to discuss the items with the family to obtain additional qualitative information to guide intervention planning. As an example, understanding parent perspective on why their child plays infrequently with other children (whether it is secondary to limited time for playdates, unavailability of playmates, or child's hesitation to join friends on the playground due to mobility issues) will have direct implications on deciding if the intervention focus is on fostering the child's abilities or modifying the environment. For the measures administered to the child, some families may want to assist with the items, serve as the recorder, or provide relevant information regarding how the child performs in other contexts. Engaging families in the assessment and monitoring process enriches the meaningfulness of the experience and optimizes the usefulness of the information for effective and efficient intervention planning.
Limitations and Future Research
Several limitations are evident in our research to date. First, the model of determinants of motor function, performance in self-care, and participation in family and recreation activities was tested only on children with CP 
Conclusions and Relevance
A collaborative approach to decision making through developmental monitoring using results from 2 prospective cohort studies provides a structured, evidence-based method to monitor change over time of children with the heterogeneous health condition of CP. This method enables ascertainment of relative strengths and limitations in key developmental domains as a means to plan appropriate individualized care. Using such an approach is anticipated to enhance both efficiency and effectiveness of rehabilitation services. This approach is consistent with the American Physical Therapy Association's notion of an "annual check-up" (http:// www.apta.org/AnnualCheckup/), extending the practice of broad health screening and health promotion to comprehensive monitoring to enhance function and prevent secondary impairments. The parent research team members of the On Track Study created a pair of videos related to collaborative checkups and conversations with health care providers to help focus rehabilitation and health care services ("Checking In and Checking Up" available at (https:// www.canchild.ca). As have others, 52 we advocate for the practice of periodic assessment, also described as "routine clinical assessment." Implementation of routine assessments is facilitated by 1) motivation from care providers and management to adopt the practice, 2) appropriate training, supervision, and support from clinical experts, 3) effective, ongoing, tailored, and timely communication among stakeholders (including families), 4) appropriate clinical space, assessment kits, and time, and 5) alignment of assessments with families' priorities. 52 We also advocate for use of this structured approach to educating physical therapy students and novice therapists to support children with CP and their families comprehensively and appropriately. Comprehensive developmental monitoring encourages therapists to engage in deliberate practice enabling planning and implementation of relevant, individualized intervention. 50 Recent graduates can be further supported in providing appropriate services to this complex and heterogeneous population through the use of ongoing discussion of cases with coaching and mentoring from acknowledged clinical experts. 53 This approach to serving children with CP is consistent with a "health equity" perspective of health care in which appropriate individualized care is a key component. Health equity allows individuals to reach their full health potential and receive high-quality care that is fair and appropriate to them and their needs, no matter where they live, what they have, or who they are. 54 Although our interest is in developing an evidence-based approach to supporting individualized care for children with CP, we believe that this approach using
• How do the longitudinal trajectories assist with predicting future function, across different developmental domains, for you or your child? How is being able to predict future function useful to you or your child? • How do the percentiles assist with understanding your child's current strengths and limitations, relative to other children of the same GMFCS level? • Are the changes over time functionally or clinically significant? (Note: it is important to look at the items within the measures that have actually changed, in addition to the total or average scores) • Which measures do you believe are most useful to you and your child, and which measures are not useful at this time? • How do the overall results of the Move & PLAY study, in combination with understanding change over time, assist with decision making about which services to pursue? Which outcomes are important to you (motor function, self-care performance, or participation in recreation and leisure activities)? Which developmental domains will assist with realistic goal setting? Which domain (ie, child, family, or service variable) will you select as a focus of intervention? • What logical possibilities exist for service planning and how do these fit with your family's goals and priorities? prospective cohort studies may be of use to researchers and therapists serving people with other complex, chronic, and heterogeneous health conditions.
